Rapid separation of isomeric perfluoroalkyl substances by high-resolution differential ion mobility mass spectrometry.
The analysis of persistent organic pollutants, such as perfluoroalkyl substances (PFAS) including perfluorooctanoic acid (C7F15COOH, PFOA) and perfluorooctane sulfonate (C8F17SO3-, PFOS) by hyphenated chromatography-mass spectrometry methods is crucial in ensuring water quality. One of the challenges in PFOA and PFOS analysis is the separation of linear and branched isomers that have the same mass-to-charge ratio but can have different toxicological properties. Current methods that are used for separating isomeric PFAS require relatively long analysis times (min to h) that can limit throughput. An emerging technique for the direct analysis of isomeric compounds is differential mobility spectrometry (DMS), which can rapidly separate gas phase ions prior to detection by mass spectrometry (MS). However, an ion mobility-based method for the analysis of PFAS has not been reported in the literature. Herein, high-resolution DMS-MS is used to separate and detect isomeric PFAS compounds for the first time in a separation process that occurs in milliseconds. The resolution of isomeric peaks increased by over 200% and 500% for PFOA and PFOS isomers, respectively, using a DMS carrier gas composed of 50:50% He:N2 by volume compared to 100% N2, which was crucial in the separation of PFAS isomers under these conditions. Linear, secondary-branched, and tertiary-branched isomers of PFOA and PFOS including those that differ by the position of a single perfluoromethyl group can be resolved by DMS-MS. The DMS compensation field required to transmit different isomers increases as the extent of branching increases. For isomeric PFASs with a single branching point, the compensation field for optimal transmission also increases as the perfluoromethyl group is positioned closer to the carboxylate and sulfonate groups under these conditions. These results indicate that high-resolution DMS-MS should be a useful approach for the rapid analysis of isomeric PFAS.